The present work describes the chemical composition and antimicrobial activity of the essential oil of Paeonia mascula (L) Miller collected in Torul, Gümüşhane-Turkey. The essential oil was obtained from all parts of the plant by hydrodistillation and analyzed by GC-FID and GC-MS. Twenty-five components representing 91.8% of the total oil were characterized and the main components of this species were found to be E-phytol (33.0%), hexahydrofarnesyl acetone (13.7%), Z-phytol (9.1%), geraniol (4.7%), and p-cymene (3.8%). The antimicrobial activity of the isolated essential oil of the plant was also investigated; it showed moderate activity against Yersinia pseudotuberculosis and Bacillus cereus.
The analysis of the volatile components of the roots of Greek P. mascula L. subsp. hellenica and their antimicrobial activity have been reported [9] . However, no published record has been found for the chemical composition and antimicrobial activity of the essential oil of P. mascula. Hence, the essential oil of the whole plant was obtained by hydrodistillation in a Clevenger-type apparatus and its composition investigated by GC-FID and GC-MS Table 1 : Identified components of the essential oil of P. mascula a .
Ref.
Lit. RI Exp. RI Compound % Area b [10] 802 802 Hexanal 0.5 [10] 1008 1009 Dehydroxy-cis-linalool oxide 0.8 [10] 1045 1042 Salicylaldehyde 3.5 [10] 1091 1089 p-Cymenene 3.8 [ with an HP-5 column. A total of 25 compounds were identified on the basis of library searches (NIST, WILEY), use of reference compounds (linalool, geraniol, carvacrol), and literature data [10] [11] [12] [13] [14] . Only components that showed matches exceeding 85% are listed; these represent about 91.8% of the essential oil of P. mascula. The general chemical profile of the essential oil, the percentage contents, and retention indices of the constituents are summarized in Table 1 . The main components of the oil were E-phytol (33.0%), hexahydrofarnesyl acetone (13.7%), Z-phytol (9.1%), geraniol (4.7%), and p-cymenene (3.8%).
In comparison with the previously reported composition of the essential oil of the roots of P. mascula L. subsp. hellenica [9] , salicylaldehyde, methyl salicylate, and myrtenal were also detected in our oil. It is necessary to point out that environmental factors, the subspecies, and the parts of the plant used strongly influence the chemical composition of essential oils, and all these factors were different for the two Paeonia taxa investigated.
The chemical class distribution of the essential oil components are reported in Table 2 . The compounds are classified into six classes, which are monoterpenes, monoterpene oxides, sesquiterpenes, diterpenoids, aromatic compounds and others ( Table 2 ). As seen in Table 2 , diterpenoids (42.1%) were the main constituents of the essential oil of P. mascula.
The antimicrobial activity of the essential oil of P. mascula was tested in vitro using the agar-well diffusion method [15] [16] [17] with the microorganisms listed in Table 3 . The essential oil showed antibacterial activity against Y. pseudotuberculosis and B. cereus, but no activity was observed against the bacteria Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Staphylococcus aureus, and Enterococcus faecalis, and the yeast-like fungus Candida tropicalis.
The essential oil of P. mascula L. subsp. hellenica [9] showed no activity against P. aeruginosa and E. coli, as in our case. However, the Greek oil was reported to have antimicrobial activity against S. aureus and C. tropicalis, which was not observed with our oil. This difference could be due to the variation in the constituents of the two Paeonia taxa. 
Experimental

Isolation of the essential oil:
The air-dried whole plant (77 g) of P. mascula was hydrodistilled in a Clevenger-type apparatus using a cooling bath (-15 o C) system (4 h) (yield: 0.12 (v/w)). The obtained oil was extracted into HPLC grade n-hexane (0.5 mL), dried over anhydrous sodium sulfate and stored at 4-6 o C in a sealed brown vial.
Gas chromatography:
Capillary GC-FID analysis was performed using an Agilent-5973 Network System, equipped with a FID (supplied with air and hydrogen of high purity) and a split inlet. The chromatographic column used for the analysis was a HP-5 capillary column (30 m x 0.32 mm i.d., film thickness 0.25 μm). Helium was used as carrier gas, at a flow rate of 1 mL/min. The injections were performed in splitless mode at 230°C. One μL essential oil solution in n-hexane (HPLC grade) was injected and analyzed with the column held initially at 60°C for 2 min and then increased to 240°C with a 3°C/min heating ramp. The identity of each compound was supported by comparing their retention indices (RI) with published values. The sample was analyzed twice and the percentage composition of oil was computed from the GC peak areas without using correction factors.
Gas chromatography-mass spectrometry: GC-MS analysis was performed using an Agilent-5973 Network System. A mass spectrometer with an ion trap detector in full scan mode under electron impact ionization (70 eV) was used. The chromatographic Essential oil of Paeonia mascula Natural Product Communications Vol. 3 (6) 2008 943 column used for the analysis was a HP-5 capillary column (30 m x 0.32 mm i.d., film thickness 0.25 μm). Helium was used as carrier gas, at a flow rate of 1 mL/min. The injections were performed in splitless mode at 230°C. One μL essential oil solution in n-hexane (HPLC grade) was injected and analyzed with the column held initially at 60°C for 2 min and then increased to 240°C with a 3°C/min heating ramp. 
Antimicrobial activity assessment:
Agar well diffusion method:
A simple susceptibility screening test was employed using the agar-well diffusion method, as adapted earlier [15] [16] [17] . Each microorganism was suspended in Mueller Hinton (MH) (Difco, Detroit, MI) broth and diluted approximately to 10 6 colony forming units (cfu) per mL. They were "flood-inoculated" onto the surface of MH agar and Sabouraud Dextrose Agar (SDA) (Difco, Detriot, MI) and then dried. For C. tropicalis, SDA were used. Five-millimeter diameter wells were cut from the agar using a sterile cork-borer, and 50 μL of the extracted substances were dispensed into the wells. The plates were incubated for 18 h at 35°C. Antimicrobial activity was evaluated by measuring the zone of inhibition against the test organism. Ampicillin (10 μg) and Triflucan (5 μg) were used as standard drugs. Acetone was used as solvent control.
